Plant carotenoids are important micronutrients in the diet of humans and animals, since they act as precursors for the synthesis of vitamin A in animal cells. The most effective precursor to the vitamin A biosynthesis is β-carotene. Increasing the β-carotene content in maize grain as an important feed and food crop is an urgent task for plant selection. The purpose of this work was to differentiate maize breeding samples from the Dnipro breeding program by the β-carotene content in mature grain. Maize grain of 18 inbreds harvested in 2015 and 5 inbreds harvested in 2016 was researched. Determination of β-carotene content in matured dry grain was carried out after petroleum ether extraction and ultra performance liquid chromatography (UPLC) in the mobile phase of methanol/acetonitrile. The β-carotene content in the grain of genotypes from the Dnipro breeding program was on average 1.020 mg/kg for inbreds grown in 2015, and 0.672 mg/kg for inbreds grown in 2016. These values correspond to the β-carotene content in the grain of the majority of genotypes from world breeding programs selected by methods of classical selection. The inbred DKV3262 with white grain had the smallest content of β-carotene (0.076 mg/kg), while the yellow-coloured line DKD9066 had the highest one (2.146 mg/kg). The variation in the grain β-carotene content in different years of maize cultivation was noted. Inbreds of flint and semident maize showed the general tendency to increase the β-carotene content in grain compared with dent ones. The distribution of the studied inbreds on germplasm types showed the significant variation of β-carotene content in grain and the incidence of relatively high values in all germplasms analyzed. Inbreds containing more than 1.5 mg of β-carotene per 1 kg of grain, DK239, DK206A, DK212, DKD9066 and DKE-1, are emphasized as promising for the selection to increase the content of valuable micronutrients.
Introduction
Maize is a source of nutrients for many species of farm animals and humans. Maize grain serves as a supplier of carbohydrates, proteins, lipids, and micronutrients. The latter are substances that in small quantities provide normal metabolism in animal cells. Micronutrients in maize grain primarily involve vitamins. The composition of micronutrients in sweet maize grain, which is consumed at milk ripeness in raw and canned forms, is particularly valuable. Thus, vitamins B 1 , B 5 , B 6 , B 12 , inositol, choline, biotin, folic and nicotinic acids are contained in the grain of canned sweet maize (Tsikov et al., 2013) . Maize grain contains phenol substances that act as antioxidants, in particular, tocochromanols, including α-, β-, γ-, δ-tocopherols, vitamin E (Zingg & Azzi, 2004; Menshchikova et al., 2012; Diepenbrock et al., 2017) , ferulic acid, anthocyanins in genotypes with coloured grain (Žilić et al., 2012) , as well as substances of the carotenoid group.
Carotenoids are unsaturated hydrocarbons that have the empirical formula C 40 H 56 . They are soluble in organic solvents and insoluble in water, are yellow, orange and red pigments (Nesmeyanov & Nesmeyanov, 1974) . In plant cells, biosynthesis and accumulation of carotenoids occur in plastids during the 2-C-methyl-D-erythritol 4-phosphate (MER)-cycle (Banerjee & Sharkey, 2014; Zhai et al., 2016) .
The precursor of the synthesis of carotenoids in many plants including maize is geranylgeranyl pyrophosphate (Giuliano, 2014; Zhai et al., 2016) . Carotenoids include such important antioxidants and metabolic regulators as lycopene, α-, β-, γ-, δ-carotenes, zeinoxanthin, lutein, β-cryptoxanthin, zeaxanthin and others. The most important carotenoids for metabolism in animal cells are precursors of vitamin A synthesis. They include α-, β-carotenes and β-cryptoxanthin, which are denoted together as provitamin A (Giuliano, 2014) .
The animal body is unable to synthesize vitamin A and requires the addition of precursors of its synthesis with food . Lack of vitamin A in the human body, which is particularly common in poor countries, leads to serious complications. β-carotene is the most effective precursor of vitamin A synthesis since one of its molecules provides biosynthesis of two vitamin A molecules at once, in contrast to only one vitamin A molecule for other compounds with A-provitamin activity (Aluru et al., 2008; Guliano, 2014 ). An adult person should take 1 mg of vitamin A (retinol) or 6 mg of carotenes every day (Hubskyi, 2000) ; however, the bioavailability of β-carotene to humans depends on the balance of other carotenoids (Dube et al., 2018) .
In a mature maize caryopsis, carotenoids are accumulated in the endosperm (Burt et al., 2010) . The main precursor in the maize carotenoid biosynthetic pathway, geranylgeranyl pyrophosphate, under the activity of enzyme phytoene synthase transfers into phytoene. Phytoene in a series of reactions consequentially turns into phytofluene, ζ-carotene, neurosporene and, at last, lycopene. Lycopene is the first coloured compound in the maize carotenoid biosynthetic pathway. If genes controlling the enzymatic reactions of geranylgeranyl pyrophosphate transformation into lycopene have mutations which eliminate fermentative activities, intermediate precursors of lycopene biosynthesis are not synthesized and maize grain appears uncoloured. An especially significant role for the development of yellow pigmentation of maize grain belongs to the gene Yellow 1 (Y1) which encodes enzyme phytoene synthase 1 (PSY1). Its defect copies cause the absence of grain colouration at once and evoke the formation of ears with white grains (Wong et al., 2004) . Carotenes and xanthophylls which are further synthesized from lycopene also provide yellow staining for developing and matured maize caryopses.
It is known that the synthesis and stability of maize carotenoids are under the control of the genotype, environmental factors and the interaction of "genotype × environment". Characterization of genetic control of carotenoid content is provided in numerous studies of maize genotypes with different alleles of genes responsible for the synthesis of enzymes in each stage of carotenoid biosynthesis (Harjes et al., 2008; Yan et al., 2010; Muthusamy et al., 2015) . Among the external factors controlling the content of carotenoids, those affecting mature grain, grain in storage or processing are mostly characterized. Thus, a relationship was established between the content of carotenoids in maize grains and the calendar time of harvest (Alamu et al., 2014) , grain moisture at harvesting and the drying method (Burt et al., 2010; Cardoso et al., 2015) , the duration, method and conditions of grain storage, in particular, temperature and humidity (Burt et al., 2010; Ortiz et al., 2016; Satarova et al., 2017) . The methods of post-harvest processing of maize grain (Ortiz et al., 2018) , the storage duration of maize flour after grinding (Kuhnen et al., 2011) , the method of culinary processing of maize grain (Alamu et al., 2014 ) also influenced carotenoid content. At the same time, there is only little indirect evidence of the effect of the conditions of maize plants' cultivation during a growing season on the grain carotenoid content (Satarova et al., 2017) . There are proofs that the nature of the influence of the above-mentioned external factors on the accumulation, stability and rate of carotenoid dissociation in maize grain depends on the genotype of the cropping plants and the genotype of endosperm as well as on the interaction of genotypes and environmental factors (Owens et al., 2014; Suwarno et al., 2015; Ortiz et al., 2016; Xu et al., 2017) .
Reliable ways to increase the proportion of carotenoids in plants are classical selection and biofortification (Alós et al., 2016; Giuliano, 2017) . Significant progress in increasing carotenoid content in maize grain has been achieved through marker-associated selection with molecular genetic markers. They allow one to select initial breeding material with favourable alleles of key genes of phytoene synthase, lycopene ε-cyclase, β-carotene hydroxylase 1 and others controlling simultaneously economically valuable traits and bioavailability of carotenoids (Muthusamy et al., 2014 (Muthusamy et al., , 2015 Suwarno et al., 2015; Díaz-Gómez et al., 2017b; Zunjare et al., 2018a, b; Goswami et al., 2019) . It is also possible to increase substantially the content of carotenoids in maize due to the genetic engineering methods, in particular, the transfer of foreign genes (Aluru et al., 2008; Federico & Schmidt, 2016) and RNA interference of genes involved in the β-carotene biodegradation (Berman et al., 2017) . The maximum level of β-carotene in maize grain, achieved by traditional breeding methods, is 13.6 mg/kg of grain (Harjes et al., 2008) . Genetically engineered improvement through introduction in the maize genome of maize phytoene synthase (psy1) cDNA under the control of the wheat LMW glutenin promoter and the Pantoea ananatis crtl gene encoding carotene desaturase under the control of the barley D-hordein promoter led to increase in the β-carotene content up to 59.3 mg/kg (Naqvi et al., 2009) .
The main method of determining the content of β-carotene in plant samples is its extraction with a polar solvent followed by ultra performance liquid chromatography (UPLC analysis) (Safawo et al., 2010) . Solvents for β-carotene extraction from plant tissues may be petroleum ether, acetone, hexane, methanol and some others (Craft, 2001; Rodriguez, 2001) . At the same time, in some publications, the results of measuring in maize grain and products of its processing the carotenoid content on β-carotene by spectrophotometry at 450 nm are given (Scott, 2001; Díaz-Gómez et al., 2017a; Satarova et al., 2017) . Since various publications present the results of determining the content of this substance using different solvents and according to modified methods, the correct comparison of maize samples, inbreds and hybrids on β-carotene content in grain appears contradictory. In addition, discussing the results of breeding work, some researchers point to the content of β-carotene in grain (Aluru et al., 2008; Harjes et al., 2008; Safawo et al., 2010; Žilić et al., 2012; Alamu et al., 2014; Muthusamy et al., 2014 Muthusamy et al., , 2015 , while others estimate the content of provitamin A, that is, the mixture of α-carotene, β-carotene and β-cryptoxanthin (Zunjare et al., 2018a, b) , yellow pigments (Radenovic et al., 2015) , content of total carotenoids (Aluru et al., 2008; Harjes et al., 2008; Berardo et al., 2009; Safawo et al., 2010; Kuhnen et al., 2011) . All this makes it difficult to compare the successes achieved in selection for increasing the β-carotene content in maize grain.
The levels of β-carotene, provitamin A, total and individual carotenoid fractions for maize breeding material produced in Ukraine remain almost unexplored. The purpose of our work was to differentiate maize inbreds from the Dnipro breeding program (Ukraine) on the β-carotene content in mature grain.
Materials and methods
Material for determination of the β-carotene content was matured dry grain of maize (Zea mays L.). The grain samples of 18 inbreds harvested in 2015 and 5 inbreds harvested in 2016, having been created within the Dnipro breeding program, were explored. The cultivation of the plants from which the grains were taken for analysis was conducted using the field method (Lebid et al., 2008) in the soil-climatic conditions of the northern subzone of the Ukrainian Steppe in 2015 and 2016. According to the Dnipropetrovsk Centre for Hydrometeorology during the formation and maturation of grain from July to September in both years there was a shortage of precipitation, at 38.8% from the average annual norm in 2015 and at 10% in 2016. During this period, the average monthly air temperature was above the average annual rate 14.1% more in 2015 and 9.4% more in 2016. Thus, both research years were characterized by stressful conditions of air temperature and precipitation during the formation and maturation of the grain, but 2015 was more arid and hotter. In both years, grain harvesting was carried out at the end of October. Before analysis grain samples were stored at + 5 °C in the dark.
The content of β-carotene in maize grain was determined by ultra performance liquid chromatography (UPLC) according to (Ramachandran et al., 2010; Li et al., 2016) on the Acqualty UPLC @ Waters (StepWaveTM, USA) chromatograph, based on the Heilongjiang Academy of Agricultural Sciences (Harbin, China People's Republic) in November 2016. Thus, samples harvested in 2015 were kept for 1 year and 1 month up to the analysis, but samples cropped in 2016 were analyzed within 1 month after harvesting. Extraction of β-carotene from grain of full ripeness was carried out with petroleum ether. The weighed sample (5 g) was added with 30 ml of ethyl alcohol and 20 ml of 50% aqueous KOH solution and this was refluxed in a boiling water bath for 30 min. Further, the sample flasks were cooled in ice water to room temperature; 50 ml of distilled water was added and transferred to a separating funnel. Then, 100 ml of petroleum ether were added, the samples were vigorously shaken and after setting, the ether fraction was left. This manipulation was repeated three times. The fraction of the petroleum ether was washed with distilled water until pH value of 7.0 was reached. The fraction of petroleum ether was filtered through the skimmed cotton with anhydrous sodium sulphate. The liquid fraction evaporated at 37 °C. The dry residues containing β-carotene were dissolved in 5 ml of methanol/acetonitrile (9 : 1 v/v), and then this solution was filtered with 0.22 μl of polyvinylidene fluoride with a syringe in a glass vial with a screw cap for automatic sampling in chromatograph. A chromatographic column C 18 was used for chromatographic analysis to determine β-carotene content in the mobile phase of methanol/acetonitrile. UPLC analysis was performed at a sample injection rate of 0.5 ml/min. 8 μl of each sample were injected for UPLS analysis. Detection of β-carotene was carried out at 448 nm. The content of β-carotene is given in mg per 1 kg of grain (mg/kg).
Grain for analysis was selected by the mean sample method (Lebid et al., 2008) . For all samples, the determination of β-carotene content was carried out in two analytical repetitions except for five lines with an IKC index, in which the β-carotene content was determined in one analytical repeat owing to the small amount of grain available for analysis. The obtained data was processed statistically by (Welham et al., 2014) . The data in the tables are reported as x ± SE (SE -standard error).
Results
The analyzed set of inbreds of the Dnipro breeding program (Table 1) contains representatives of the main subspecies, which are widely used in the modern production of feed and food maize -flint (14 inbreds), semident (4 inbreds) and dent (3 inbreds) subspecies. The involved lines represented the types of germplasm that are common in the global selection process: SSS (B37), Lancaster (Mo17), Lancaster (Oh43), Lancon, Iodent, Euroflint, as well as the germplasm Mix, which was characterized by mixing various germplasm types in the pedigree of an inbred. The DKB3262 line had white grain, but the rest of the samples had yellow grain. Figure 1 demonstrates the chromatogram of the β-carotene content in maize grain on the example of the inbred DK212MV (harvest 2015) after UPLC chromatography. The β-carotene content in the grain of 18 inbreds in 2015 (Table 2 ) ranged from 0.076 mg/kg in the white grain of DKV3262 to 2.146 mg/kg in the yellow grain of DKD9066 with an average value of 1.020 ± 0.280 mg/kg. Among 5 inbreds studied in 2016 (Table 3) , the content of β-carotene in grain varied from 0.181 mg/kg in DK276SV to 1.659 mg/kg in DKE-1 with an average value of 0.672 ± 0.091 mg/kg. Consequently, when comparing the mean values of β-carotene content, there was no established difference between the sets of breeding samples grown in different years. When comparing the values, except for DK633325MV, which had been investigated both in 2015 and 2016, the reliable difference between years was also not found. However, it should be noted that there was a certain tendency to increase the β-carotene content in grain in the drier and hotter year 2015 than in 2016 both for the whole experiment as well as for DK633325MV.
Analysis of the variation of β-carotene content in grain of maize inbreds, depending on their belonging to a certain subspecies or type of germplasm, was conducted according to data of 2015, when more samples were examined (Table 4) .
The variation of the studied trait was quite significant within the subspecies (Table 4) . Thus, differences in the content of β-carotene between the inbreds of flint maize amounted up to 4.2 times, semident -6.7 times, but dent maize -18.2 times. What was more, inbred DKV3262 with white grain and the minimum content of β-carotene (0.076 mg/kg) belonged to the dent subspecies. Subspecies significantly differed in average values of β-carotene content. The highest average value came from the group of semident specimens, which included DKD9066 with the maximum value of the trait. The smallest average content of β-carotene was in group of dent specimens, although individual inbreds of this group demonstrated considerable accumulation of this substance (DK216SVZM -1.381 mg/kg). The distribution of the studied inbreds by the types of germplasm also revealed a significant variation in the content of β-carotene in the grain and the incidence of its relatively high values in all germplasms analyzed. The analysis of the relationship between maize grain colour and the content of carotinoids, in particular, β-carotene, should be very useful for express estimation of breeding samples for valuable micronutrients, since their chromatographic or spectrophotometric determination is rather complicated and expensive. The grain for share of inbreds analyzed are represented by the increase in β-carotene content, from the lowest content of 0.076 mg/kg in DKV3262 to the highest one of 2.146 mg/kg in DKD9066 (Fig. 2) . Inbred DKV3262 has white grain and as expected only a trace amount of β-carotene (Fig. 2) . The other inbreds had yellow grain with varying intensity and shades of colouration. Thus, the most intensive yellow colour was marked for the grain of DK276SV, the least expression of yellow was inherent to DKD9066, while the yellow grain of DK129SV and DK239MV had red-brown and brown shades respectively. At the same time, the magnification of yellow colour intensity in the presented samples was not at all connected with the increase of the β-carotene content in them. Thus, grain colour of DK276SV and DK212MV was almost the same, but β-carotene content in the last inbred exceeded it in the first one by 10 times. The gradual increase of β-carotene content in the submitted samples from DK276SV to DKD9066 was not accompanied by a uniform gradual increase in colour intensity, while the inbred with the highest β-carotene content DKD9066 had the palest grain among yellow-coloured specimens.
Discussion
The modern genus Zea is monotypic and contains only one species Z. mays L. It is a cultivated species that cannot be found in the wild. But the species Z. mays contains a large variety of genotypes created as a result of folk and scientific selection. Modern breeding resources of maize as an intensively grown crop are the result of many cycles of selection among several initial varieties and are now classified by origin into types of germplasm. Types of germplasm (germplasms) are distinct groups within a cultivated species that combine related genotypes (varieties, inbreds, synthetic populations, etc.) (Hallauer et al., 2010) . Germplasms Lancaster, Reid, Iodent, Euroflint, Lancon, Mindzenpusta and others are the most common in modern maize breeding due to the high combining ability of their genotypes. Several germplasms are divided into subplasms, for example, Lancaster (Mo17) and Lancaster (Oh43). Separately germplasm Mix stands out, containing resources created via combining several classical germplasms. In research (Harjes et al., 2008 ) the β-carotene content in grain of maize standard inbreds of the major germplasms was determined: inbred Mo17 (germplasm Lancaster, subgermplasm Mo17) -1.1 mg/kg, inbred Oh43 (germplasm Lancaster, subgermplasm Oh43) -2.254 mg/kg, inbred B37 (germplasm SSS (B37)) -1.15 mg/kg, inbred F2 (germplasm Euroflint) -0.27 mg/kg, and others. The distribution of inbreds from the Dnipro breeding program of these and other germplasms in the content of β-carotene in grain showed that they were at the level of the standard inbreds given in (Harjes et al., 2008) : Lancaster (Oh43) inbreds -1.811-2.146 mg/kg, SSS (B37) inbreds -0.076-1.609 mg/kg, Euroflint inbreds -0.126-1.035 mg/kg, Iodent inbred -1.381 mg/kg), Lancon inbred -1.794 mg/kg and Mix inbreds -0.322-1.403 mg/kg. Determination of the β-carotene content in grain of inbreds of the Dnipro breeding program revealed variation within the germplasm types from 1.2 times in Lancaster (Oh43) to 8.2 times in Euroflint and as much as 21.2 times in SSS (B37). The latter type included inbred with white grain DKB3262. However, no significant variation between germplasms was noted, the maximum values of β-carotene content of different plasms varied approximately 2-fold. One would have been expected to see intensification in the accumulation of β-carotene in germplasm Mix due to its complex origin. However, the findings do not support the hypothesis of increase in the β-carotene content when combined the genetic materials of various types of germplasm in a genotype of an inbred. Practically, in all plasms there were inbreds with a high level of β-carotene content as for classical breeding samples -1 mg/kg or more. This fact indicates the possibility of selection for high levels of β-carotene among inbreds and hybrids of all major maize germplasm types.
Maize inbreds DK239MV, DK206A, DK212MV, DKD9066 and DKE-1, which accumulate more than 1.5 mg of β-carotene per 1 kg of grain, are recommended as sources of this valuable character. These genotypes are also adapted for field cultivation in Ukraine and promising for heterosis selection. They represent flint and semident subspecies, as well as various types of germplasm -SSS (B37), Lancon, Lancaster (Oh43) and Euroflint. The involvement of such inbreds into hybrids will increase the content of this valuable micronutrient in the grain. However, one should not expect heterosis on β-carotene content in F 1 hybrids as it was known that the genetic control of the ability to β-carotene synthesis was carried out by the genes responsible for each individual stage of the transformation of intermediate metabolites. For β-carotene, in the absence of mutations in genes of β-carotene hydroxylase 1 (crtRB1), lycopene-ε-cyclase (lcyE) and some others, it is not possible to achieve the heterosis effect on increasing β-carotene content in F 1 hybrids compared to parent forms. Previously we showed (Satarova et al., 2017 ) that in 2015 the hybrid F 1 DN Sophia (DK402 × DK633325) accumulated in grain 1.63 ± 0.24 mg β-carotene per 1 kg of grain, while the hybrid F 1 Pochaevsky 190MV (DK744M × DK2323MV) -only 0.42 ± 0.01 mg/kg.
Possibly, the heterosis effect on β-carotene content can be achieved with significant increase via heterosis in the content of carotenoid precursor -geranylgeranyl pyrophosphate. The main precursor to the synthesis of geranylgeranyl pyrophosphate is acetyl coenzyme A. Acetyl coenzyme A is formed as a result of intensive catabolism of a number of compounds, primarily glucose, as well as pyruvate in oxidative decarboxylation. The intensity of these processes as well as glucose synthesis, in F 1 hybrids can be intensified by heterosis compared to parent lines, which can lead to an increase in the content of geranylgeranyl pyrophosphate in F 1 hybrids. In this case, the content of β-carotene in the grain of F 1 hybrid will be higher than in two parent lines, if they do not contain mutations in β-carotene hydroxylase 1 and lycopene-ε-cyclase genes. It is very difficult to monitor the content of geranylgeranyl pyrophosphate in developing as well as ripe grain. However, indirectly the level of carotenoids in mature grains of yellow maize may indicate the initial stocks of this substance. In most works on marker-associated maize selection, the total carotenoid content is not often monitored. The total carotenoids in grain were determined for local varieties of white grain maize from Central Malawi (East Africa) at 2.12 mg/kg, but orange grain maize from the same area contained 59.5 mg of total carotenoids per 1 kg of grain (Hwang et al., 2016) . Among genotypes created by methods of classical selection, the maximum level of total carotenoids was reached in North American inbreds at 62.96 mg/kg (Owens et al., 2014) and 66.0 mg/kg (Harjes et al., 2008) . For the transgenic maize genotype in the study (Naqvi et al., 2009) , the maximum level of total carotenoids was 163.29 mg/kg. The inspection not only of β-carotene, but also other precursors of vitamin A synthesis is important for improvement of the food and feed values of maize grain. Thus, the content of provitamin A in the grain of 13 local and exotic genotypes in the publication of Indian researchers, regardless of the allelic state of the lycE-5'UTR marker of lycopene-ε-cyclase gene, was 1.62-23.2 mg/kg (Zunjare et al., 2018b) , while in grain of orange local maize from Central Malawi it amounted to 15 mg/kg (Hwang et al., 2016) . The content of provitamin A assumed as β-carotene, half of α-carotene and half of β-cryptoxanthin contents, in the grain of the classic USA inbreds (Indiana) was 0.81-5.55 mg/kg (Owens et al., 2014) . In the common breeding samples in the Indian breeding program, the content of provitamin A measured as β-carotene and half of β-cryptoxanthin contents, was 1.65-2.04 mg/kg for inbreds and 2.14-2.48 mg/kg for hybrids. After recurrent marker-assisted selection on the markers of the crtRB1 and lcyE genes, elite inbreds provided the content of provitamin A at 7.38-13.59 mg/kg and hybrids at 9.25-12.88 mg/kg (Zunjare et al., 2018a) . The genotypes from the CIMMYT-Harvest Plus (India) program with the favourable marker allele of lcyE 5'UTR achieved provitamin A content up to 22.28 mg/kg (Zunjare et al., 2018b) . The maximum content of provitamin A at 71.86 mg/kg was detected in transgenic maize by increasing the content of β-carotene up to 59.32 mg/kg, α-carotene up to 7.26 mg/kg, and β-cryptoxanthin up to 5.28 mg/kg (Naqvi et al., 2009) .
There is a discussion in the literature concerning the correlation of carotenoid content, on the one hand, and the presence and intensity of the colour of maize grain, on the other. The existence of such a connection could be the basis for an express method of estimation and screening of samples in selection for high levels of carotenoids, in particular, β-carotene. In our study, there was no such relationship between the intensity of grain yellow colour and the content of β-carotene in it. There is no unambiguous evidence of such correlation as well as in the publications of those authors who studied this problem for maize specimens with yellow grain (Harjes et al., 2008; Safawo et al., 2010) . This is understandable since carotenoids including β-carotene are synthesized in maize grain during its maturation, in particular, at the beginning of the formation of preconditions for caryopsis entering into a period of dormancy. Certain fractions of carotenoids at that time pass into others, all carotenes and xanthophylls stain grains in different shades of yellow, under the transition of some fractions into others general colouration remains.
There is a totally different relationship between the lack of colour (white grain), the presence of colour (yellow grain) and the β-carotene content. In our study, the inbred with white grain DKV3262 had only a trace amount of β-carotene. This can be explained by the existence of the mutation of the phytoene synthase gene Yellow 1 in homozygous state (genotype y1y1). In the mutant state of the phytoene synthase gene, the precursor of the synthesis of the first coloured product in the chain of carotenoid biosynthesis -lycopene is not formed due to a violation of the synthesis of phytoene from geranylgeranyl pyrophosphate, and the grain remains white. The gene Yellow 1 and the enzyme phytoene synthase play a key role in condensing two molecules of geranylgeranyl pyrophosphate into one phytoene molecule. Gene Yellow 1 is located on chromosome 6, in bin 6.01. Two mutations in this gene are known: indel of 378 b.p. upstream of the transcription start site and a polymorphic SNP site in the fifth exon, which leads to the replacement of threonine with asparagine (Fu et al., 2013) . It can be assumed that the presence of the trace amount of β-carotene in externally white grain of DKV3262 is associated with the emergence of mosaicism on the somatic mutations of the Yellow 1 gene in several endosperm cells.
The results received from the given investigation and the publications of other researchers show the directions of the work when selecting for the optimization of the content of the carotenoid group micronutrients, in particular, β-carotene. Thus, selection for the increase of these specific substances contents should be carried out taking into account the content of geranylgeranyl pyrophosphate in forming and mature grain, evaluated by total carotenoids content. It is also necessary to monitor the content of β-carotene in grain not only at the time of harvesting, but also during the utilization of maize grain in cattle and poultry farming and the food industry, as they can vary significantly. In particular, such control is important for compound feedstuff, ground grain, maize flour, etc. at the time of their production as well as in storage, processing, under heat treatment etc. One should note the negative effects of light, steam, pressure on the stability of β-carotene in food and feed. For increasing β-carotene content in immature grain of sweet corn when the transformation of β-carotene into β-cryptoxanthin is not completed, monitoring of geranylgeranyl pyrophosphate content by the amount of total carotenoids is important. It should be done during grain formation and at the milk (technical) ripeness, as well as the control of β-carotene content at picking up of ears in milk ripeness. In order to provide the necessary micronutrients of the carotenoid group, it is also appropriate to control the content of provitamin A, in particular, β-carotene in sweet corn grain after cooking in various manners (boiling, baking, ears without husks, ears in husks, shelled grain), in canned sweet corn at the time of production and under storage.
Conclusion
As a result of the determination of the β-carotene content in maize grain by ultra performance liquid chromatography, it was found that the inbreds of the Dnipro breeding program contained β-carotene in grain at an average of 1.020 ± 0.280 mg/kg (year 2015) and 0.672 ± 0.091 mg/kg (year 2016), which corresponded to the content of this micronutrient in the grain of inbreds in world breeding programs. The amount of β-carotene in maize inbreds changed in different years of plant cultivation and varied by subspecies, with the grain of flint and semident maize accumulating on average more β-carotene than the dent one. The distribution of the studied inbreds by types of germplasm also revealed a significant variation of β-carotene content in grain and the incidence of its relatively high values in all main germplasm types. The relationship between intensity of grain yellow colour and β-carotene content was not found.
Among the inbreds analyzed, the smallest content of β-carotene was discovered in white-grain DKB3262 (0.076 mg/kg), but the highest one -in yellow-coloured DKD9066 (2.146 mg/kg). Inbreds DK239MV, DK206A, DK212MV, DKD9066 and DKE-1, which accumulated more than 1.5 mg of β-carotene per 1 kg of grain, were recommended as sources of this valuable trait.
